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T-h (57)Abstract: 
PROBLEM TO BE SOLVED: To reduce loss under light-load application for the 
improvement of efficiency by controlling a switching frequency under the light- 
load application into a frequency which does not become discontinuous in a bust 
state and is substantially constant. 

SOLUTION: A switching power supply device of current mode control generates 
a pulse signal Q of a duty ratio obtained based on a value corresponding to the 
difference between an output voltage Vo and a reference voltage Vref and a 




value corresponding to a current lo which passes through a smoothing choke. 
The switching power supply device is provided with a delay circuit 18. Receiving 
the pulse signal Q and a light load determining signal LL, the delay circuit 18 
outputs the pulse signal Q as a command signal not under the light-load 
application, and outputs a delayed pulse signal Qd obtained by expanding the 
time width of the pulse signal as a command signal under the light-load 
application. 



LEGAL STATUS 

[Date of request for examination] 20.02.2003 

[Date of sending the examiner's 

decision of rejection] 

[Kind of final disposal of application 

other than the examiner's decision of 

rejection or application converted 

registration] 

[Date of final disposal for application] 

[Patent number] 3636321 

[Date of registration] 1 4.01 .2005 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The switching circuit section which switches input voltage according to 
a command signal, and the smoothing choke for carrying out smoothness of the 
switching output of this switching circuit section, The output capacitor which is 
formed in the output side of this smoothing choke, and is charged by output 
voltage, The pulse generating section which generates the pulse signal of a duty 
ratio based on the value according to the difference of the feedback electrical 
potential difference and reference voltage according to said output voltage, In 
response to the pulse signal and light load judging signal of this pulse generating 
section, when it is not at the light load time, said pulse signal is outputted as said 
command signal. Switching power supply equipment characterized by having the 
delay section outputted as said command signal after expanding the time amount 
width of face of said pulse signal at the time of a light load. 
[Claim 2] the value according to the difference of the said pulse generating 
section's feedback electrical potential difference according to said output voltage, 
and reference voltage - in addition, the switching power supply equipment 
according to claim 1 characterized by generating the pulse signal of a duty ratio 
based on these values also using the value according to the current which flows 
to said smoothing choke. 

[Claim 3] Said switching circuit section has the transistor switch which is driven 
according to said command signal and by which the series connection was 



carried out. It is that to which said switching output is outputted from the series- 
connection point. The driver section which drives said transistor switch by which 
the series connection was carried out based on said command signal which is 
established between said delay sections and said switching circuit sections, and 
is outputted from said delay section, Distinguish the polarity of the current which 
flows to said smoothing choke, and it has the comparator which supplies a back 
run detecting signal to said driver section. Claim 2, switching power supply 
equipment of three publications which are characterized by making the transistor 
switch which passes the back run current of said transistor switches by said back 
run detecting signal turn off. 

[Claim 4] The mutual-conductance amplifier with which the said pulse generating 
section's feedback electrical potential difference according to said output voltage 
and said reference voltage are inputted, and amplify the difference of the two 
inputs, The comparator which compares the electrical potential difference 
according to the output of this mutual-conductance amplifier with the electrical 
potential difference according to the current which flows to said smoothing choke, 
The set signal of a fixed period and the output of said comparator are inputted, 
and it is set by the set signal in case said comparator output is in a 
predetermined condition. Claim 2, switching power supply equipment of three 
publications which a comparator output is reset by change in other condition 
[ condition / said / predetermined ], and are characterized by having the flip-flop 
which generates said pulse signal. 

[Claim 5] Said light load judging signal is switching power supply equipment 

according to claim 1 to 4 characterized by being generated based on the value 

according to the current which flows to said smoothing choke. 

[Claim 6] Said light load judging signal is switching power supply equipment 

according to claim 4 characterized by being generated based on the value 

according to the output of said mutual-conductance amplifier. 

[Claim 7] Amplification of the time amount width of face of said pulse signal in 

said delay section is switching power supply equipment according to claim 1 to 6 



characterized by being fixed time amount. 

[Claim 8] Amplification of the time amount width of face of said pulse signal in 
said delay section is switching power supply equipment according to claim 4 to 6 
characterized by being set as the value according to the output of said mutual- 
conductance amplifier under inverse proportion. 

[Claim 9] The switching circuit section which switches input voltage according to 
a command signal, and the smoothing choke for carrying out smoothness of the 
switching output of this switching circuit section, It is prepared in the output side 
of this smoothing choke, and has the output capacitor charged by output voltage. 
It is switching power supply equipment which outputs predetermined output 
voltage by controlling said switching circuit section by the pulse signal of the 1st 
period. At the time of a light load Switching power supply equipment 
characterized by controlling said switching circuit section using the pulse signal 
of the 2nd period which thinned out a part of pulse signal of said 1st period. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the switching power supply 
equipment which reduces the loss at the time of a light load, and improves 
effectiveness. 
[0002] 

[Description of the Prior Art] Using the switch (for example, power transistor) 
connected to the load at a serial or juxtaposition, switching power supply 
equipment controls and switches the turn-on and turn-off of a switch, in order to 
control the flow of the power to a load. In order to change into the stable load 
current the current by which switching control was carried out, the smoothing 
choke and the capacitor for an output are used. 

[0003] The duty cycle of the switch which controls the flow of the power to a load 
fixes a pulse frequency, and is changed by changing ON or off time amount of 
each pulse. 

[0004] Generally switching power supply equipment is more more efficient than a 
series power unit. However, generally, effectiveness is the function of the output 
current, and when driving a light load, it usually decreases with a low-power 
output current. Generally this degradation originates in the switching loss 
accompanying actuation of switching power supply equipment etc. 
[0005] Then, from the former, in order to reduce the loss at the time of the light 
load of switching power supply equipment, burst mode control and skip modal 
control are performed. 

[0006] Burst mode control detects that the output current is fully low, continues at 
the period when the electrical potential difference of an output capacitor can 
maintain the output voltage controlled substantially, and maintains a switch to an 
OFF state as shown in JP,06-303766,A. That is, the period which carries out on- 
off control of the switch, and the period of an OFF state become a letter of a 
burst. Since switching loss does not generate the period of this OFF state, 
effectiveness is improved. 

[0007] Moreover, skip modal control turns the pulse of fixed duty on and off 
towards an electrical-potential-difference upper limit from the electrical-potential- 



difference minimum, covering the window comparator of predetermined 
electrical-potential-difference width of face over output voltage, and if it turns to a 
minimum from an electrical-potential-difference upper limit, output voltage leaves 
it for falling. From this electrical-potential-difference upper limit, since switching 
loss does not generate the period of a minimum, effectiveness is improved. 
[0008] 

[Problem(s) to be Solved by the Invention] However, with the switching power 
supply equipment which performs burst mode control of these former, since a 
switching frequency becomes discontinuous, a burst noise will occur. This burst 
noise has an adverse effect on surrounding electronic equipment, or has the 
problem of generating a mutual intervention. 

[0009] Moreover, with the switching power supply equipment which performs skip 
modal control, too, since between [ from an electrical-potential-difference 
minimum ] upper limits is switched, a switching frequency becomes a letter of a 
burst, moreover ~ in addition ~ since output voltage is changed - the ripple 
voltage - **** - it hears - it becomes. The ripple with this large output voltage is 
not desirable for a load. 

[0010] then, this invention aims at offering the switching power supply equipment 
which reduces the loss at the time of a light load, and improves effectiveness, 
without not becoming discontinuous the letter of a burst and enlarging a ripple 
voltage by controlling the switching frequency at the time of a light load in the low 
frequency which is about 1 law. 
[0011] 

[Means for Solving the Problem] The switching circuit section to which the 
switching power supply equipment of claim 1 switches input voltage according to 
a command signal, The smoothing choke for carrying out smoothness of the 
switching output of this switching circuit section, The output capacitor which is 
formed in the output side of this smoothing choke, and is charged by output 
voltage, The pulse generating section which generates the pulse signal of a duty 
ratio based on the value according to the difference of the feedback electrical 



potential difference and reference voltage according to said output voltage, When 
it is not at the light load time, after outputting said pulse signal as said command 
signal and expanding the time amount width of face of said pulse signal in 
response to the pulse signal and light load judging signal of this pulse generating 
section at the time of a light load, it is characterized by having the delay section 
outputted as said command signal. 

[0012] the value according to the difference of a said pulse generating section's 
corresponding [ the switching power supply equipment of claim 2 / on switching 
power supply equipment according to claim 1 and ] to said output voltage 
feedback electrical potential difference, and reference voltage -- in addition, it is 
characterized by generating the pulse signal of a duty ratio based on these 
values also using the value according to the current which flows to said 
smoothing choke. 

[001 3] The switching power supply equipment of claim 3 is set to claim 1 and the 
switching power supply equipment of two publications. Said switching circuit 
section It has the transistor switch which is driven according to said command 
signal and by which the series connection was carried out. It is that to which said 
switching output is outputted from the series-connection point. The driver section 
which drives said transistor switch by which the series connection was carried 
out based on said command signal which is furthermore established between 
said delay sections and said switching circuit sections, and is outputted from said 
delay section, The polarity of the current which flows to said smoothing choke is 
distinguished, and it has the comparator which supplies a back run detecting 
signal to said driver section, and is characterized by making the transistor switch 
which passes the back run current of said transistor switches by said back run 
detecting signal turn off. 

[0014] The switching power supply equipment of claim 4 is set to claim 2 and the 
switching power supply equipment of three publications. Said pulse generating 
section The mutual-conductance amplifier which the feedback electrical potential 
difference according to said output voltage and said reference voltage are 



inputted, and amplifies the difference of the two inputs, The comparator which 
compares the electrical potential difference according to the output of this 
mutual-conductance amplifier with the electrical potential difference according to 
the current which flows to said smoothing choke, The set signal of a fixed period 
and the output of said comparator are inputted, it is set by the set signal in case 
said comparator output is in a predetermined condition, a comparator output is 
reset by change in other condition [ condition / said / predetermined ], and it is 
characterized by having the flip-flop which generates said pulse signal. 
[0015] The switching power supply equipment of claim 5 is characterized by 
generating said light load judging signal based on the value according to the 
current which flows to said smoothing choke in switching power supply 
equipment according to claim 1 to 4. 

[0016] The switching power supply equipment of claim 6 is characterized by 
generating said light load judging signal based on the value according to the 
output of said mutual-conductance amplifier in switching power supply equipment 
according to claim 4. 

[0017] The switching power supply equipment of claim 7 is characterized by 
amplification of the time amount width of face of said pulse signal in said delay 
section being fixed time amount in switching power supply equipment according 
to claim 1 to 6. 

[0018] It is characterized by being inversely proportional to the value 

[ amplification / of the time amount width of face of said pulse signal in said delay 

section ] corresponding [ the switching power supply equipment of claim 8 / on 

switching power supply equipment according to claim 1 to 6 and ] to the output of 

said mutual-conductance amplifier, and being set up. 

[0019] The switching circuit section to which the switching power supply 

equipment of claim 9 switches input voltage according to a command signal, The 

smoothing choke for carrying out smoothness of the switching output of this 

switching circuit section, It is prepared in the output side of this smoothing choke, 

and has the output capacitor charged by output voltage. It is switching power 



supply equipment which outputs predetermined output voltage by controlling said 
switching circuit section by the pulse signal of the 1st period. At the time of a light 
load It is characterized by controlling said switching circuit section using the 
pulse signal of the 2nd period which thinned out a part of pulse signal of said 1st 
period. 
[0020] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the gestalt 
of operation of the switching power supply equipment of this invention is 
explained. 

[0021] Drawing 1 is the whole switching power supply equipment block diagram 
concerning the gestalt of operation of the 1st of this invention. Moreover, drawing 
2 is the block diagram of a delay circuit 18, and drawing 3 is a timing chart for the 
explanation of operation. Moreover, drawing 4 and drawing 5 are the timing 
charts for explaining actuation of the switching power supply equipment of 
drawing 1 . 

[0022] In drawing 1 , this power unit is constituted as switching power supply 
equipment of current modal control. The N-channel MOS transistor (henceforth, 
N type transistor) 1 1 and the N type transistor 12 are connected to a serial 
between the power source of input voltage Vin, and a gland, and the switching 
circuit is constituted. A driving pulse is supplied to this switching circuit from a 
driver 13, and the N type transistors 11 and 12 are usually turned on and off 
complementary. A smoothing choke Lo carries out smoothness of the output of a 
switching circuit, and the output capacitor Co performs the smoothing effect with 
a smoothing choke Lo. The output voltage Vo with which the pressure of input 
voltage Vin was lowered by the output capacitor Co according to the width of 
face of a driving pulse charges. Electric power is supplied to this output voltage 
Vo by the load 14. Resistance 15 detects the current lo which flows to a 
smoothing choke Lo, and takes out the voltage drop according to the current as a 
detection electrical potential difference Vrd. 

[0023] Output voltage Vo and reference voltage Vref are inputted, and the 



mutual-conductance amplifier (henceforth, gm amplifier) 16 generates the current 
according to the difference. The source 17 of gm amplifier output generates the 
gm output voltage Vgm according to the output current of the gm amplifier 16. A 
comparator CP 1 compares the gm output voltage Vgm with the detection 
electrical potential difference Vrd, and generates the comparison output. 
[0024] The set signal S of a fixed period is inputted into the set terminal s, and, 
as for Flip-flop FF, the comparison output of a comparator CP 1 is inputted into 
the reset terminal r as reset-signal R. In this flip-flop FF, reset is performed in 
falling of reset-signal R, and a set is falling of the set signal S, and when reset- 
signal R has started, it is performed. Corresponding to the set and reset, an 
output Q is outputted as a pulse signal. 

[0025] Pulse signal Q from Flip-flop FF is inputted, and according to the 
existence of the light load judging signal LL, a delay circuit 18 outputs pulse 
signal Q by width of face as it is, or outputs the delay pulse signal Qd which only 
predetermined time was delayed and expanded width of face. In being a light 
load, it outputs the delay pulse signal Qd, and when that is not right, pulse signal 
Q as it is is outputted. The output of this delay circuit 18 serves as a command 
signal to a driver 13. 

[0026] An example of this delay circuit 18 is shown in the example of a 
configuration of drawing 2 , and the timing chart of drawing 3 . By drawing 2 , the 
series connection of the P type transistor 21 , resistance 23, and the N type 
transistor 22 is carried out. A capacitor 24 is connected to juxtaposition at this N 
type transistor 22, and the threshold judging of the charge electrical potential 
difference of this capacitor 24 is carried out with the input threshold Vth of an 
inverter 25. The output of this inverter 25 and the AND of the light load judging 
signal LL are taken in AND circuit 26, and further, the OR of the output of this 
AND circuit 26 and pulse signal Q is taken by OR circuit 27, and serves as a 
command signal to a driver 13. 

[0027] Pulse signal Q is impressed to the gate of the P-channel MOS transistor 
(henceforth, P type TORANJISU) 21 and the N type transistor 22. If this pulse 



signal Q is set to L level from H level, a capacitor 24 will be charged with supply 
voltage Vdd. The charge electrical potential difference rises with the time 
constant according to the value of resistance 23 and a capacitor 24 like drawing 
3 . An inverter 25 is reversed when the charge electrical potential difference 
reaches the input threshold Vth of an inverter 25. Thereby, pulse signal Q is 
delayed and the delay pulse signal Qd to which only time amount Td expanded 
the width of face is obtained by the output of an inverter 25. Therefore, according 
to the existence of the light load judging signal LL, either pulse signal Q or the 
delay pulse signal Qd is outputted. 

[0028] Moreover, it returns to drawing 1 , and the detection electrical potential 
difference Vrd proportional to the current lo which flows to a smoothing choke Lo 
is inputted, and a comparator CP 2 distinguishes the polarity (namely, the 
direction of a current) of Current lo, and supplies a back run detecting signal to a 
driver 13. A driver 13 makes the N type transistor 12 which passes a back run 
current turn off, when the back run of Current lo is detected. 
[0029] The light load judging signal LL can be generated when the value Vrd 
according to the current lo which flows to a smoothing choke Lo, i.e., a detection 
electrical potential difference, for example, the average-value **, is below 
predetermined level. Moreover, when the back run of Current lo is detected by 
the comparator CP 2, it may detect that the back run signal carried out count 
generating of predetermined, and the light load judging signal LL may be 
generated. Furthermore, since the output of the gm amplifier 16 shows Current lo 
mostly, when the value according to the output, for example, gm output voltage 
Vgm**, is below predetermined level, it can also generate the light load judging 
signal LL. Even if it adopts which approach, the light load judging signal LL can 
be formed easily. 

[0030] Now, the timing chart of drawing 4 is also referred to and the time of the 
normal operation in which the light load judging signal LL is not probably 
generated in actuation of the switching power supply equipment of this drawing 1 
is explained. 



[0031] the set signal S -- drawing 4 (a) ~ the output of Flip-flop FF, i.e., pulse 
signal Q, - this drawing (b) -- the gm output voltage Vgm and the detection 
electrical potential difference Vrd are shown in this drawing (d), and the output of 
a comparator CP 1, i.e., reset-signal R, is shown for the delay pulse signal Qd in 
this drawing (c) in this drawing (e), respectively. 

[0032] The set signal S falls to every fixed period T. Since Flip-flop FF is 
constituted by the falling trigger mold, pulse signal Q is set to H level a condition 
[ reset-signal R being in H level ] in falling (it expresses as the drawing Nakaya 
mark) of the set signal S. 

[0033] If pulse signal Q is set to H level, since ON and the N type transistor 12 
turn [ the N type transistor 11 ] off, Current lo will begin an increment through a 
driver 13. Since the detection electrical potential difference Vrd is proportional to 
Current lo, it changes like it. 

[0034] While the gm output voltage Vgm is larger than the detection electrical 
potential difference Vrd, pulse signal Q is in H level. If the detection electrical 
potential difference Vrd increases and the gm output voltage Vgm is reached, it 
will be reversed and the output of a comparator CP 1, i.e., reset-signal R, will be 
set to L level. 

[0035] Flip-flop FF is reset by falling of reset-signal R, and pulse signal Q is set to 
L level. In this case, since the light load judging signal LL is not generated and 
pulse signal Q becomes a command signal to a driver 13, OFF and the N type 
transistor 12 turn [ the N type transistor 1 1 ] on. Thereby, Current lo begins 
reduction. 

[0036] Such control is repeated by every [ of the set signal S ] period T, and 
pulse signal Q of width of face according to the magnitude of a load is generated. 
[0037] Next, the timing chart of drawing 5 is also referred to and explained about 
the time of the light load actuation in which the light load judging signal LL is 
generated. 

[0038] the set signal S - drawing 5 (a) -- pulse signal Q - this drawing (b) - the 
gm output voltage Vgm and the detection electrical potential difference Vrd are 



shown in this drawing (d), and reset-signal R is shown for the delay pulse signal 
Qd in this drawing (c) in this drawing (e), respectively. 

[0039] The set signal S falls to every fixed period T too. Pulse signal Q is set to H 
level a condition [ reset-signal R being in H level ] in the falling t1 of the set signal 
S. 

[0040] If pulse signal Q is set to H level, since ON and the N type transistor 12 
turn [ the N type transistor 1 1 ] off, Current lo, therefore the detection electrical 
potential difference Vrd will begin an increment through a driver 13. 
[0041] While the gm output voltage Vgm is larger than the detection electrical 
potential difference Vrd, reset-signal R is in H level, the detection electrical 
potential difference Vrd - increasing -- the gm output voltage Vgm - reaching 
(event t2) - it is reversed and the output of a comparator CP 1 , i.e., reset-signal 
R, is set to L level. 

[0042] Flip-flop FF is reset by falling of reset-signal R, and pulse signal Q is set to 
L level. 

[0043] However, in this case, since the light load judging signal LL is generated, 
the delay pulse signal Qd turns into a command signal to a driver 13. therefore, 
the event t - even if it passes over 2, while the delay pulse signal Qd is in H level, 
the condition that the N type transistor 1 1 is [ ON and the N type transistor 12 ] 
off continues. For this reason, the detection electrical potential difference Vrd 
continues increasing. 

[0044] Event t - if the delay pulse signal Qd is set very much to L level 3, since 
OFF and the N type transistor 12 turn [ the N type transistor 1 1 ] on, the detection 
electrical potential difference Vrd will begin reduction. While the gm output 
voltage Vgm is smaller than the detection electrical potential difference Vrd, 
reset-signal R is in L level. 

[0045] The event of the set signal S of the following period falling, by t4, since the 
time delay Td is set up by reset-signal R as it is in L level, Flip-flop FF is not set 
even if the set signal S comes, and a reset condition still continues it. 
[0046] Current lo - decreasing ~ the detection electrical potential difference Vrd - 



- the gm output voltage Vgm ~ being less (event t5) -- reset-signal R returns to H 
level. 

[0047] this condition -- it is -- the set signal S of the further following period -- 
falling (event t6) - at this event, by t6, since reset-signal R is in H level, pulse 
signal Q is set to H level, next - an event - the t1- event t - control same with 
having explained by 6 is performed repeatedly. 

[0048] Thus, the switching frequency of the switching circuit which consists of N 
type transistors 1 1 and 12 can be mostly reduced to the low frequency of 
homogeneity by extending the pulse width of the command signal supplied to a 
driver 13 at the time of a light load. Therefore, the loss at the time of a light load 
can decrease, and effectiveness can be improved. Moreover, the ripple of output 
voltage can also be reduced from the conventional thing, without generating a 
burst noise. Furthermore, a delay circuit 18 can be added to conventional 
equipment, and the switching frequency at the time of a light load can be 
automatically changed into a low frequency only by performing the usually same 
control as the time of a load. Therefore, since parameter input with new each part 
of equipment etc. is unnecessary because of the control at the time of a light load, 
it can constitute easily. 

[0049] Although the example switched every other period of the set signal S 
explained in the timing chart of drawing 5 , it can switch every period with a 
periods [ not only this but / or more ] of two. For that purpose, what is necessary 
is just to only adjust the amount Td of amplification of the pulse width in a delay 
circuit 18, i.e., a time delay. 

[0050] Moreover, since a driver 13 makes the transistor 12 by the side of the 
gland which passes a back run current turn off by the back run detecting signal, it 
can prevent the time of no-load, and the useless discharge current at the time of 
a light load extremely. 

[0051] Drawing 6 is drawing showing other examples of a configuration of a delay 
circuit 18. The NPN mold bipolar transistor (following and N type Bi transistor) 52 
and resistance 53 are connected to a serial between the collector of the PNP 



mold bipolar transistor (following and P type Bi transistor) 54, and a gland. And 
the gm output voltage Vgm, resistance 53, and the electrical potential difference 
of the node of the emitter of the N type Bi transistor 52 are inputted into the 
noninverting input and reversal input of a buffer 51 which consist of operational 
amplifiers, respectively. The output of this buffer 51 is supplied to the base of the 
N type Bi transistor 52. Moreover, it is in-series to the P type Bi transistor 55 
connected with the P type Bi transistor 54 at a current mirror configuration, and a 
capacitor 56 is connected to it between glands. The N type Bi transistor 57 is 
connected to this capacitor 56 at juxtaposition, and it drives by pulse signal Q. 
[0052] If pulse signal Q is set to L level, a capacitor 56 will start charge and the 
threshold judging of the charge electrical potential difference of a capacitor 56 
will be carried out with an inverter 58. The output of this inverter 58 and the AND 
of the light load judging signal LL are taken in AND circuit 59, and further, the OR 
of the output of this AND circuit 26 and pulse signal Q is taken by OR circuit 27, 
and serves as a command signal to a driver 13. 

[0053] In the delay circuit 18 of drawing 6 , if the resistance of resistance 53 is 
set to R, the current Ic of Vgm/R will flow for this resistance 53, and the current of 
the value proportional to the same value or this same will turn into the charging 
current Ic of a capacitor 56. Since the gm output voltage Vgm has a relation 
mostly proportional to Current lo, time amount until the charge electrical potential 
difference of a capacitor 56 reaches the threshold of an inverter 58 is 
proportional to Current lo. Therefore, since Current lo and the time delay have 
relation of reverse proportion, the time amount Td delayed in this delay circuit 18 
becomes long as Current lo becomes small. 

[0054] The loss in switching power supply is decided by the switching loss mainly 
decided by the switching frequency, and ohm loss by the output current and the 
resistance component. Therefore, if the component part of a power unit is 
decided, an efficient switching frequency will be determined to the output current. 
[0055] In the delay circuit 18 of this drawing 6 , a switching frequency can be 
brought close to a more desirable frequency by making a time delay Td inversely 



proportional to Current lo according to the output current using the output of the 
gm amplifier 16. 

[0056] Drawing 7 is drawing showing the gm amplifier 16 and the concrete 
example of a circuit of a comparator CP 1. In this drawing 7 , as shown in 
drawing, since the gm amplifier 16 generates the output according to the 
difference of output voltage Vo and reference voltage Vref, a current source 61 , 
the P type Bi transistor 63 with which reference voltage Vref is impressed to the 
base, and the P type Bi transistor 62 with which output voltage Vo is impressed 
to the base are connected to differential. Moreover, the N type Bi transistors 64, 
65, 68, and 69, the P type Bi transistors 66, 67, 71, and 72, an operational 
amplifier 70, resistance 73, and a current source 74 are connected as shown in 
drawing. 

[0057] With the gm amplifier 16 of this configuration, the current according to the 
difference of reference voltage Vref and output voltage Vo is formed. This current 
is inputted into the comparator CP 1 of the next step. 

[0058] Moreover, the detection electrical potential difference Vrd is inputted into a 
comparison, the offset according to the output current of the gm amplifier 16 is 
supplied, and a comparator CP 1 outputs the comparison result. For this reason, 
the resistance 81 for offset, constant current sources 91, 92, 93, and 94, the P 
type Bi transistors 82, 83, 84, and 88, the N type Bi transistors 85, 86, and 89, 
and an inverter 90 are connected as shown in drawing. 
[0059] The detection electrical potential difference Vrd proportional to the gm 
output voltage Vgm generated by resistance 81 by the comparator CP 1 of this 
configuration and Current lo is compared. When the gm output voltage Vgm is 
larger than the detection electrical potential difference Vrd, reset-signal R of H 
level is outputted. 

[0060] In addition, as long as it is the latch circuit of reset precedence, you may 
make it operate on L level, although it was explained by the above explanation 
that Flip-flop FF operated by the falling edge. 
[0061] 



[Effect of the Invention] According to the switching power supply equipment of 
this invention, since the switching frequency at the time of a light load is 
controlled by the almost uniform low frequency, the loss at the time of a light load 
can decrease, and effectiveness can be improved. Moreover, a burst noise is 
almost lost and can reduce the ripple of output voltage from the conventional 
thing. 

[0062] Moreover, since the transistor switch by the side of the gland which 
passes a back run current by the back run detecting signal is made to turn off, 
the time of no-load and the useless discharge current at the time of a light load 
can be prevented extremely. Therefore, power loss can be further reduced by 
preventing this discharge current. 

[0063] Moreover, the switching frequency at the time of a light load can be 
automatically changed into a low frequency only by performing the usually same 
control as the time of a load by adding the delay section for expanding the time 
amount width of face of a pulse signal to conventional equipment. Therefore, 
since the parameter input of each part of equipment etc. is unnecessary because 
of the control at the time of a light load, it can constitute easily. 
[0064] Moreover, since the judgment of a light load condition is performed based 
on the current which is used for original armature-voltage control and which flows 
to a smoothing choke, and the output of mutual-conductance amplifier, it can also 
perform the judgment of a light load condition easily. 

[0065] Moreover, since amplification of the time amount width of face of the pulse 
signal in the delay section is made into fixed time amount, the configuration is 
simple. Moreover, since amplification of the time amount width of face is set as 
the current which flows to the output and smoothing choke of a mutual- 
conductance amplifier under inverse proportion, a switching frequency is 
appropriately determined according to a light load condition. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The whole switching power supply equipment block diagram 
concerning the gestalt of operation of the 1st of this invention. 
[Drawing 2] The block diagram of a delay circuit 18. 
[Drawing 3] The timing chart of a delay circuit 18. 

[Drawing 4] The timing chart at the time of the usual load of the switching power 
supply equipment of drawing 1 . 

[Drawing 5] The timing chart at the time of the light load of the switching power 
supply equipment of drawing 1 . 

[Drawing 6] Drawing showing other examples of a configuration of a delay circuit 
18. 

[Drawing 7] Drawing showing the gm amplifier 16 and the concrete example of a 
circuit of a comparator CP 1. 
[Description of Notations] 
1 1 12 N type transistor 

13 Driver 

14 Load 

15 Resistance 

16 Gm Amplifier 



17 Source of Gm Amplifier Output 

18 Delay Circuit 

Lo Smoothing choke 

Co Output capacitor 

CP1, CP2 Comparator 

FF Flip-flop 

Vin Input voltage 

lo Output current 

Vo Output voltage 

Vgm gm output voltage 

Vrd Detection electrical potential difference 

S Set signal 

R Reset signal 

Q Pulse signal 

Qd Delay pulse signal 

LL Light load judging signal 
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